Asporogenus yeast strains W113A
Introduction
The genus Blastobotrys was first proposed by Von Klopotek (1967) with Blastobotrys nivea as the type species. Later, based on phylogenetic analysis of the D1/D2 domain of the large subunit (LSU) rRNA gene, Kurtzman & Robnett (1995 , 1998 demonstrated that members of the genus Blastobotrys are anamorphic members of the Saccharomycetales and are closely related to several species of Candida, Arxula and Sympodiomyces. Multigene analysis based on the nucleotide sequences of the nearly-complete LSU rRNA gene sequence, mitochondrial small-subunit rRNA and the cytochrome oxidase II genes (Kurtzman & Robnett, 2007) demonstrated that Blastobotrys, Arxula, Sympodiomyces and several Candida species are members of the 'Trichomonascus clade' . Multigene sequence analysis also showed that Trichomonascus represents the ascosporic state of the clade (Kurtzman & Robnett, 2007) . In the present study, a novel species of the genus Blastobotrys, Blastobotrys serpentis sp. nov., isolated from the intestine of Trinket snake (Elaphe sp., Colubridae), collected from Hyderabad, India, is described.
Materials and methods

Isolation of the organism, media and maintenance
A dead Trinket snake (about 0.4 m long with a circumference of 12.7-33.0 mm) was collected from a local park of the city of Hyderabad, Andhra Pradesh, India, and carried to the laboratory in a polythene bag. The intestine was aseptically removed after dissection; vortexed in 3 mL sterile distilled water and the upper aqueous layer plated on Rose Bengal agar medium with chloramphenicol (HiMEDIA, India). The medium contained mycological peptone (5 g L À1 ), mono- 
agar (15 g L À1 ). For routine subculturing and maintenance, the strains were grown on YM agar or broth at 28 1C.
Isolation of DNA and determination of G1C content
Total genomic DNA was isolated from stationary phase cultures as described previously Rao et al., 2007) . DNA was purified following the protocol of Makimura et al. (1994) . The G1C content (mol%) of the DNA was determined from the melting point (T m ) curves (Sly et al., 1986 ) obtained using a Lambda 2 UV-visible spectrophotometer (Perkin Elmer) equipped with the TEMPLAB 2.0 software package (Perkin Elmer).
Grouping of isolates
Grouping of isolates was done by random amplification of polymorphic DNA (RAPD) analysis using the genomic DNA of the isolates with primers (GTG) 5 (Thanh et al., 2003) and T3B (5 0 -AGGTCGCGGGTTCGAATCC-3 0 ) (Correia et al., 2004; Bhadra et al., 2007) . After amplification, 10 mL of the PCR product was electrophoresed on a 1% agarose gel containing ethidium bromide (Sambrook et al., 1989) and the banding pattern of the amplified DNA was recorded using a gel documentation system (SYNGENE, UK). Isolates were then grouped based on the similarity of their amplified products.
Phenotypic characteristics
The methods used to determine the morphological, physiological and biochemical properties were as described by Yarrow (1998) . All assimilation tests were performed twice and the results were read after 5 and 21 days of incubation. Assimilation of nitrogen compounds was investigated on liquid media with starved inoculums (Nakase & Suzuki, 1986 Coenzyme Q (Co-Q) analysis
For determination of Co-Q, cells were grown in 250 mL yeast-malt broth for 3-5 days and centrifuged at 4193 g for 8 min. The cell pellet (5 g wet weight) was washed once with 0.8% saline, suspended in hydrolysis reagent containing 7 mL water, 2.5 g KOH, 0.7 g pyrogallol and 19 mL methanol and hydrolyzed for 30 min in a 90 1C water bath. After cooling to room temperature, ubiquinone was extracted with n-hexane (Yamada et al., 1989) . Purification of Co-Q was performed by preparative thin-layer chromatography (0.5-mm silica gel 60 on 20 cm Â 20 cm glass plates) using benzene for development. The dark band of Co-Q observed under UV light was scraped off and extracted with 2 mL of acetone and was identified using reverse-phase high-performance thin-layer chromatography (HPTLC) (Thanh et al., 2003) using Co-Q standards (Sigma-Aldrich). Rhodotorula auriculariae CBS 6379
T and Debaryomyces hansenii var. fabryi NRRL Y-17914 T were used as reference strains for Co-Q analysis.
Amplification and sequencing
The internal transcribed spacer region (ITS) including the 5.8S rRNA gene (ITS1-5.8S rRNA gene-ITS2 region) and D1/D2 domain of the LSU rRNA gene were amplified using the primer pairs ITS1 and NL4 and the amplicon sequenced using primers NL1, NL2A, NL3A, ITS3 and ITS4 (Lin et al., 1995; Kurtzman & Robnett, 1998) . Details of amplification and sequencing protocols were as described elsewhere Rao et al., 2007) . Primer pair COX-F (5 0 -AGTATTATGTTTTAGTAACATATAT-3 0 ) and COX-R (5 0 -TAATCATTCTAAGAAGTTAGG-3 0 ) was used to amplify the partial mitochondrial cytochrome oxidase subunit II gene (COX II), and primer pair MtSm-F (5 0 -GCCAG CAGTCGCGGTAAAACG-3 0 ) and MtSm-R (5 0 -ATTAAA TAACATAATCCACTGTTAA-3 0 ) was used to amplify the mitochondrial small-subunit rRNA gene (MtSm). After initial denaturation at 94 1C for 2 min, PCR was performed for 30 cycles with denaturation at 94 1C for 45 s, annealing at 50 1C (for COX II) or 55 1C (for MtSm) for 45 s and extension at 72 1C for 1 min. The amplicons were purified using the QIA Quick PCR purification kit (QIAGEN) and were sequenced on an ABI 3730 DNA analyzer (Applied Biosystems) using a BIG-Dye terminator kit (Applied Biosystems) according to the manufacturer's instructions. The partial COX II gene product (c. 600 bp) was sequenced using the primers used for PCR and two additional primers, namely COX-300F (5 0 -GGACAATTACGTTTATTAGAT G-3 0 ) and COX-300R (5 0 -CATCTAATAAACGTAATTGT CC-3 0 ), whereas the MtSm gene product (c. 400 bp) was sequenced using MtSm-F and MtSm-R primers.
Phylogenetic analysis
Sequences were manually corrected and aligned using CLUS-TAL_X (Thompson et al., 1997) . A neighbor-joining phylogenetic tree (Saitou & Nei, 1987) was constructed using MEGA 3.1 (Kumar et al., 2004) based on evolutionary distance data determined with Kimura's two-parameter model (Kimura, 1980) . Bootstrap analysis (Felsenstein, 1985) was performed for 1000 replications. Reference sequences were retrieved from GenBank under the accession numbers indicated in the phylogenetic trees.
Results and discussion
Twelve yeast colonies appeared on Rose Bengal chloramphenicol plates when snake gut suspensions were plated. All colonies were butyrous, white and 2-3 mm in diameter. RAPD analysis indicated that all the isolates had a similar banding pattern. Therefore, all 12 isolates were regarded as a representative of a single morphotype and two representatives, namely strains W113A
T and W113B, were selected for further analysis. The nucleotide sequence of the D1/D2 domain, ITS1-5.8S rRNA-ITS2 region, COX II and MtSm genes of isolates W113A T and W113B showed 100% similarity to each other and therefore were regarded as representatives of the same species.
Phylogenetic analysis
The D1/D2 domain sequence of isolate W113A T (AM410667) and W113B (AM410668) showed 97.9% similarity (seven substitutions and four indels in 578 nucleotides) with B. chiropterorum NRRL Y-17017 T (U45822), 97.8% similarity (eight substitutions and four indels in 578 nucleotides) with Blastobotrys terrestris NRRL Y-17704 T (U40103), 93.6% similarity (22 substitutions and three indels in 592 nucleotides) with Trichomonascus ciferrii NRRL Y-10943 T (DQ442681) and o 91% similarity with all other recognized yeast species. In the phylogenetic tree, the two new strains clustered with B. chiropterorum NRRL Y-17017 T (U45822) and B. terrestris NRRL Y-17704 T (U40103) with a bootstrap support of 95% (Fig. 1a) . (Fig. 1b) . In both the D1/D2 and the D1/D2-COX II trees (Fig. 1 ) the strains formed a robust clade with B. chiropterorum, B. terrestris and T. ciferrii with high bootstrap support. When trees were constructed from the combined Mtsm and COX II gene sequences, tree topology and bootstrap values were almost similar to that of the D1/D2-COX II tree. Highest bootstrap support for the clade was obtained from phylogenetic analysis of the D1/D2-COX II locus (Fig. 1b) . Therefore, based on nucleotide sequence analysis of the D1/D2 domain of the LSU rRNA, COX II, MtSm, D1/D2-COX II and MtSm-COX II genes, B. chiropterorum, B. terrestris and T. ciferrii can be regarded as the nearest phylogenetic relatives of isolates W113A T and W113B. In the phylogenetic trees ( Fig. 1 ) both the new isolates clustered with members of the 'Trichomonascus clade' (Kurtzman & Robnett, 2007) consisting of Blastobotrys and Trichomonascus.
Numerous experimental conditions were tested to induce a sexual state in strain W113A
T (see Materials and methods). After 2 months pseudohyphae (30-160 mm in length) were noted but no sexual state was observed. After 15 days of incubation cells produced blastoconidia on pseudohyphae (Fig. 2) . As the cells of W113A T and W113B did not form ascospores they should not be regarded as representing a member of the genus Trichomonascus, but may be assigned to the anamorphic genus Blastobotrys. Previous studies have shown that strains with 4 1% substitution in the D1/D2 domain usually represent separate species (Kurtzman & Robnett, 1998; Lu et al., 2004; Suh & Blackwell, 2004) . Therefore, strains W113A
T and W113B, which show 2.1% D1/D2 domain sequence difference with B. chiropterorum should be regarded as representing a novel species of the genus Blastobotrys. In addition, W113A
T and W113B differ from B. chiropterorum NRRL Y-17017 T and B. terrestris CBS 278.86 with respect to a number of phenotypic traits (Table  1) . Thus, based on the phylogenetic analysis and phenotypic differences it is concluded that W113A
T and W113B should be assigned to a novel species of the genus Blastobotrys, for which the name Blastobotrys serpentis sp. nov. is proposed. In agaro yeast malti (YM) post dies 5 ad 28 1C, cellulae vegetativae globosae (2-4 mm) aut elongatae (1.5-3 Â 5-11 mm), singulae et binae, butyrosum, margo glabra vel serrata. Per gemmationem multipolarem reproducentes. Bootstrap values (4 50) calculated from 1000 replications are indicated at branch nodes. Scale bar = 5 substitutions per 100 nucleotides. Reference sequences were retrieved from GenBank under the accession numbers given in parentheses.
Status sexualis non apparet; sporae not fiunt. In potato dextrosum agaro post dies 14 ad 28 1C blastoconium formantur. Pseudohyphae fiunt. Fermentatio nulla. Assim-
, maltosum, trehalosum, cellobiosum, salicinum, melibiosum, raffinosum, glycerolum, erythritolum, ribitolum, After 5 days on YM agar at 28 1C, budding is multilateral and cells are single or in pairs, infrequently spherical, 5-7 mm in diameter but the majority are elongate (3-4 mm in width and 7-11 mm in length). Pseudohyphae (30-160 mm in length) with blastoconidia were observed after 2 weeks on PDA at 28 1C (Fig. 2) . Growth under cover glass of a Dalmau plate cultured with cornmeal agar, after 7 days at 28 1C, showed abundant pseudohyphae. Colonies after 5 days on YM agar are white and 2-2.5 mm in diameter. Does not ferment glucose, galactose or D-xylose. Assimilates D-glucose, D-galactose, L-sorbose, D-glucosamine, D-ribose (delayed), D-xylose (weak), L-arabinose, D-arabinose, Lrhamnose, sucrose, maltose, trehalose, cellobiose, salicin, melibiose, raffinose, glycerol, erythritol, ribitol, xylitol, Dglucitol, galactitol, myo-inositol, D-gluconate, DL-lactate and citrate; but does not assimilate lactose, melezitose, inulin, starch, D-galacturonate, succinate, methanol, ethanol, propane-1,2-diol or butane-2,3-diol as sole sources of carbon. Assimilates ethylamine, L-lysine, D-tryptophan, cadaverine and creatinine; but does not assimilate nitrate, nitrite or imidazole as sole source of nitrogen. Does not produce starch. Cells do not grow in vitamin-free medium or medium without biotin, but can grow in medium without thiamin. Growth occurs in 0.01% cycloheximide, but not in 0.1% cycloheximide. Weak growth is observed in 50% glucose but it does not grow in 60% glucose, 1% acetic acid or 16% NaCl. Does not produce starch or acetic acid. Does not hydrolyze urea and the Diazonium Blue B reaction is negative. Contains Co-Q 9 as the major ubiquinone and the DNA G1C content is 50.2 mol%.
Type strain, W113A T ( = MTCC 8332 T = NRRL Y-48249 T = CBS 10541 T ), was isolated from the intestine of a Trinket snake (Elaphe sp., Colubridae), collected from Hyderabad City, India.
GenBank/EMBL accession numbers for the nucleotide sequence of the ITS1-5.8S rRNA gene ITS2, D1/D2 domain of the LSU rRNA gene, mitochondrial cytochrome oxidase subunit II (COX II) gene and mitochondrial small-subunit rRNA (MtSm) gene of B. serpentis sp. nov. W113A
T are AM410670, AM410667, AM773804 and AM773806, respectively.
